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NUCLEAR THERMAL PROPULSION (NTP) ENGINE 
SYSTEM ANALYSIS PROGRAM DEVELOPMENT 
- Overall Objective - 


• Develop a Stand-alone, Versatile NTP Engine System 

Preliminary Design Analysis Program (lool) to Support Ongoing and Future 
SEI Engine System and Vehicle Design Efforts 

- Perform Meaningful (Accurate), Preliminary Design Analysis - Tank to Norale 

- Have Flexibility: 

— To Handle a Wide Range of Design Option! to Support Preliminary Design Activities 
— To Be Easily Upgraded in Terms of Analysis Capability 

- Be Available to the SEI Community, Possibly as an Industry Standard 

- Be Done Promptly and Efficiently 

- Initial Effort: 

— Focused on NERYA/NERVA Derivative, Sol id -Core NTP Systems 
— Based on Upgrading SAIC'a N'l*t* ELR5 Design Code by Incorporating Wcsrlnghouae'a 
ENABLER Reactor and Internal Shield Models 



NUCLEAR THERMAL PROPULSION (NTP) ENGINE 
SYSTEM ANALYSIS PROGRAM DEVELOPMENT 
- Observations - 


• No NTP-Specific Code is Commonly Available for Use in 
SEI Propulsion and Vehicle Design Studies 

Versatile, Verified NTP Analysis Design loo! Could Be of Great 
Use to the Community 

• It Is Envisioned That NESS Is One Key Element in Developing a 
Robust (Industry Standard Type) Analysis Capability (Design 
Workstation) to Support NTP Development Into the 21st Century 


Enhancements in Terms of Additional Technology/Design Options 
and/or Analysis Capabilities Possible With the NTP ELES Model 



NUCLEAR THERMAL PROPULSION ENGINE 
DEVELOPMENT ANALYSIS CAPABILITY REQUIREMENTS 







TEAM RESOURCES USED TO SUPPORT 
NESS DEVELOPMENT 




EXPANDED LIQUID ENGINE SIMULATION (ELES) 
COMPUTER MODEL 
- Background - 


Its Major Objective is to Conduct Preliminary System Design Analysis of 
Liquid Rocket Systems and Vehicles 

Delivered by Aerojet in the Early 1980’s (1981-1984) Under 
Sponsorship by the Air Force Rocket Propulsion Laboratory 
(Now Phillips Laboratory) 

- Over $1.2 Million Spent by the Air Porce in Its Development 

- Available Through the Air Porce 

FIPS Has Been Well Distributed and Accepted Within the Propulsion 
Community for Preliminaty Liquid Propulsion System Design Analysis 


ELES Draws on Past Experience and Knowledge From Aerojet and Others 

- Encompasses Aerojet Vast Engineering Base and Expertise in Liquid Propulsion 
- In- house Experience Included in the Model 

- Has legacy to Experts Active in the Community 
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NESS PROGRAM DEVELOPMENT EVOLUTION 




PAST NTP ELES ANALYSIS CODE MODIFICATIONS 
AND VERIFICATIONS 


• ELES-NTP Version Developed and 
Vertlked 

- Modillcations Performed 

- Incorporation of H 2 and CO Property 
Tables 

~ Monopropellant Turbopump led 
System Modifications 

- Reactor Weight and Dimension 
Correlations Added 

- Off-Design Engine Operation 
Capability 

- Verification Conducted 

~ Rockeldyne Performance and 
Weight Data 

- Westlngbouse NERVA Data 

- Compared with NASA 90-Day Study 
Input 

- Much Developed Under SAIC In-House 
Fund Sponsorship 
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GENERAL NTP ENGINE SYSTEM FEATURES 
MODELED BY NESS 


4 " 


• Incorporates a Near-'lemi Solid-Core NERVA/ 
NERVA-Dtrivadve Reactor Designs 
- WcsiinglKHisc KNAM.I'R IW1 N IT Reactor Designs 
- Strong WcstingHouse R-l Resctor Design Legacy 


• Incorporates State-of-the-Art Propulsion System 
Technologies and Design Practices 






REPRESENTATIVE NTP EXPANDER, GAS GENERATOR, AND 
BLEED ENGINE SYSTEM CYCLES MODELED BY NESS 
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PRISMATIC FUEL ELEMENTS AND SUPPORTS 



REACTOR FUELD AND SUPPORT ELEMENT PARAMETERS 


Fu«l Eltnwnt Composition 

Qraphlto 

Composite 

Cerbfda 

Temperature Range (*K) 

2200-2500 

2500-2900 

2900-3300 

Fuel 

Coated Particle 

UC.ZlC 

Solid Solution and Carbon 

1 |U,Zr)C 
Solid Solulkm 

Coating 

ZiC 

ZrC 

— 

Unfueled Support Element 
Composition 

Graphite 

ZrC-GrapNte Composite 

ZrC 

Unfueled Element Coating 

ZrC 

ZrC 

— 





REACTOR PARAMETERS AS A FUNCTION OF 
THRUST LEVEL 


Thrust (to#) 

15,000 

25,000 

>50.000 

Reador Power Range 

275-400 

460-870 

920-8700 

Fuel and Support Element Length (Inch) 

35 

35 

52 

Pressure Vessel Lsngth (Inch) 

82.6 

64 

101.6 

Fuel Element Power (MW) 

0.620 

0.808 

1.20 

Relative Fuel Element Power Density 

0.778 

1.0 

1.0 

Hallo o# Fuel Elements (N) le Support 
Elements 

2:1 

3:1 

6:1 




INTERNAL SHIELD SIZING 

• Sized to Moot Radiation Loakago Requirements Establlshod for tho NERVA Program 

• Radiation Loakago Limits at a Plano 63 Inc boa Forward of tho Coro Cantor 



Type of Radiation 

Radiation Leakage Limits Within Pressure 
Vessel Outside Radlue 

Gamma Carbon KERMA Rate 

t.l x 10 7 Rattycyhr 

Fast Neutron Flu* 

2.0 x 1012 nfcm2‘eea 

Intermedtote Neutron Flux 

3.0 x 10*2 n/cm^-Mc, 
0.4eV*En*1.0MeV 

Thermal Neutron Flux 

6.0x101! ntem2-eec 
En < 0.4 ev 



Materials and Thickness 

= For Thrust Level ^ SOiQOO tt)l 

- 18.8 Inohoe of ioraled Aluminum Titanium Hydrid (OATH) 

- 1.3 Inches Lead 

• For Thfuet Levels < 50,000 Ibf, BATH and Lead Thickness Sightly Reduced Due to Lower 
Core Power Density 
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LAYOUT DRAWING OF THE R-l REACTOR 
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REACTOR THERMAL MODEL 


COMPONENT BLOCK DIAGRAM 


HEAT GENERATION 

Core 

-1,500 MW 

Tie Tubes 

3-7% 

Reflector 

1-2% 

Central Shield 

-0.2% 

Ext. Shield 

-0.03% 
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NESS NOZZLE DESIGN OPTIONS 


• STATE-OF-THE-ART NOZZLE DESIGN 
OPTIONS AVAILABLE 

* Regenerative Cooled Sk>tled-Tube 
Construct ton, Radiation Cooled Extension 

- Initialized With Up-lo-Dale Materials 

- Capable ol Analyzing Nonconventional 
Nozzle Designs 

- Translating anchor Gimbaling Nozzles 
Possfole 




AXIAL TURBOPUMP DESIGN MODULE DEVELOPED 
AND INTEGRATED INTO NESS VERSION 2.0 


AXIAL TURBOPUMP 
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* Delian ConcUtkwu Dnw on Pm Aslal I urbopamp 
Decision* and l ew 

- Liquid Rflck ff Engine Altai Flow TiubooumPl. 
NASA S P-812V April 1978 

• Axial T roJbopump Weight Modd Anchored on: 

- Recent Rocketdyne Design Studies 

- Past Cermet NTP System Design Study 
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DESIGN LOGIC 



ORIGINAL PAGE IS 
OF POOR QUALITY 



MAJOR NESS ENGINE SYSTEM ENGINEERING 
DESCRIPTION AREAS 


• System Pressure, Temperature and Mass Flow Schedule 

• Turboputnp Design and Operation 

• Nozzle Peformance bosses 

• Regcnitatively Cooled Nozzle Design 

• Reactor Subsystem Design and Operation 





SAMPLE DESIGN CASE SUMMARY 


Cim HoJ 
hwwkr 

1 

2 

3 

4 

5 

6 

7 

1 

Cycle Type 

Expander 

Expander 

Blood 

Gat 

Generator 

Expander 

Rkud 

Ora 

Oenrntpr 

Expatdcr 

llwrat Levd (W)N) 

75,000/ 

313,600 

75j(WV 

333,600 

73,001V 

333X00 

II 

75,001V 

333X00 

II 

32 

250 jIMV 
1,112X00 

75,000/ 

333.600 

Reactor Type 

ENABLER I 

ENAJUJER II 

ENABLER It 

ENABLER Q 

ENAMOR D 

ENABLER I 

ENABLER 1 

ENABLER 1 

Rector Pud Type 

Coatpotte 

Corapocte 

CompodK 

Coatpod* 

Cartudc 

Conpotte 

Coipcdtt 


Chamber Treasure 
(pateKPa) 

i.ooty 

6JW5 

50 (V 
3.348 

50<V 

3.348 

500/ 

3341 

1.000/ 

6JR95 

500/ 

3.34* 

500/ 

3348 

1.000/ 

6X95 

Owrta Tarapcrtfcrt 

rwK) 

4M 

2.700 

4X60/ 

2.700 

4.860/ 

2,700 

4X«V 

2.700 

5380/ 

3,100 

4.86Q f 
2,700 

4X60/ 

2,700 

4X60/ 

2.700 

Norte Area Ratio 

300c 1 

200c 

200:1 

200:1 

500:1 

200:1 

200c! 

500:1 

No. ol Propellant Feed 
Lep 

2 

2 

2 

2 

2 

1 

3 

2 

Tafaf—yiype 

Cartful* 

CattrWafd 

Ccnutef* 

Centrifugal 

Axial 

Centrifugal 

Axial 

Axial 

Reactor Pud Scalag 
Pm 

1X0 

a67 

0X7 

0.67 

0.67 

0x7 

1.00 

1.00 



NESS VERSION 2.0 OPERATING ENVIRONMENT 


Well Organized Worksheet to Initialize Your Design Are Provided 

Uses Improved Name List Input File 

- Each Input Variable is Defined 

Operates on VMS/VAX System 

- Over 30,000 Lines of Code 

Personal Computer Compatible Version is Available 

- Requirements 

- 486-33 MHz Computer 
-6 MB RAM 

- 80 MB Hard Drive 

- Leheay Fortran with Extended Memory Required 
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NESS PROGRAM USER'S GUIDE 





CYCLE PARAMETER COMPARISON* 
75,000 Ibf, ENABLER I, Expander Cycle 


Parameter 

Rachetdyac 

SAIC > ELKS 
NTP 

SAIC NKSS 

Total Rowrate 04/>) 

36? 

36.9 

37.27 

Pump Discharge Pre«. (paia} 

1.544 

1,53*3 

2.29*3 

Tarbine Flowrate. % Pomp 

50 

50 

50 

Turbine Inlet Temp. (*K) 

353.6 

555.3 

622J 

Turbine Inlet Pres (p*ia) 

1,412 

1.4 16.* 

1.969.0 

Turbine Pressure Ratio 

L25 

1.295 

1.739 

Reactor Inlet Pres, (paia) 

1,130 

1,255.4 

1,132.1 

Reactor Power, (MW) 

Ij645 

- 

1387 

Reactor Core Flowrate (kg/k) 

36.7 

36.9 

36.2 

Nozzle Dumber Temp (®K) 

2.700 

2,700 

2,700 

Notzfc Chamber Pres, (paia) 

1,000 

1,000 

1,000 

Noezle Exit Diameter (m) 

4.13 

4.15 

4.22 

Nozzie Expansion Ratio 

500 

300 

500 

Specific Impulse Vac (sec) 

923 

922.8 

912.9 

Pump Speed (rpm) 

37,500 

34,913 

40383 


* Rodtetdyna im tbeir Mark 25 lype axial turbopump (4 aUfei): SAIC ELBS-NTP toed ■ 
tingle- itage centrifugal pump; SAIC NESS, Sample Case No. 8. wci ■ <*W P^P- 



ENGINE SUBSYSTEM WEIGHT COMPARISON* 
- 75,000 lbf, ENABLER I, Expander Cycle - 


Parameter 

Racketdjaa 

SAIC 

BLBSNTP 

SAIC NSSS 


923 

9223 

912.9 

BSISBHBHHHRi 

5324 

3,823 

4,783 


— 

1323 

1.101 


440 

421 

533 


304 

104 

22! 

Noonocfcar Support Hantwam (kg) 

- Ltoea, Valaea. Actuators, InatrwnoH 
tatioa Thru! Stractax 

13U 

1364 

1393 


HQCfl CVTm W Wwcm pip b w . a 

ttngk.rtage centrifugrf pump; SAIC HESS, Sample Cate No. 1, uaea a 5 a»r util pm* 


fq) JU {•^irw Onil £i«#»»t 
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EFFECT OF WALL TEMPERATURE ON PERFORMANCE* 


1 


Walt Temperature 

(°R> 

Barrier 

Tamparatura pH) 

lap (Sac.) 

Fual Film Cooling 
Fraction 

1460 

1630 

912.9 

0.03 

1000 

2106 

915.9 

0.03 

2000 

2429 

917.5 

0.02 

2400 

2692 

919.4 

0.02 

2000 

3418 

921.2 

002 

3000 

3651 

921.9 

0.02 

3200 

3864 

922.4 

0.02 


* Core Temperature - 4860*R (2700°k) 
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DESIGN CASE COMPARISION OBSERVATIONS 


• NESS Design Exhibits 1% Lower Peformance Than Other Designs 

NESS Model More Accurately Predicts Nozzle Cooling Losses- Upstream Film 
Cooling Required to Meet Maximum Wall Temperature Requirements 

• Integrated Reactor/Enginc System Design Effects Accounted for in die NESS Design 

Sized to Take Into Account Heat Captured by the Coolant Before It Enters 
the Reactor 

Corresponds to Some Difference in Cycle Pressures, Temperatures, and 
Turbopump Operating Parameters 

• Other Weight Differences From Improvements in NESS Weight Correlations 

- 3-Section Nozzle Design 

- Non-Nuclear Auxiliary Components 

- Update H 2 Properties 



NTP: Systems Modeling 


NPTIM-92 






